Introduction {#S0001}
============

Opium addiction is a serious public health threat in the Middle East countries. While heroin is the most widely used opiate in western countries, opium is vastly used in eastern regions.[@CIT0001] According to World Drug Report in 2015, 0.4% of the world's adult population, abuse heroin and opium.[@CIT0002] Substance abuse and addiction regardless of the type of substance have major impacts on one's health as well as on national healthcare systems.[@CIT0003],[@CIT0004] It is evidently associated with increased morbidity and mortality, as well as shortening the life span.[@CIT0005] According to the national household survey in Iran, prevalence of illegal drug use among which opioids were the most prevalent drug was estimated to be 2.5%, accounting for roughly 1.12 million Iranians.[@CIT0006]

Opioid compounds affect a variety of hormones and their functions termed as opioid endocrinopathy. There are many investigations suggestive of modulation of the endocrine system by opioids.[@CIT0007] Opioids cause reduction in the plasma levels of many hormones such as TSH, prolactin, growth hormone and insulin[@CIT0008] by binding to opioid receptors in the hypothalamus, pituitary and testis.[@CIT0009],[@CIT0010]

Adipose tissue as an important endocrine organ secretes multiple metabolically active proteins termed as adipokines which regulate pathophysiological processes, including insulin sensitivity and resistance, appetite, inﬂammation, hematopoiesis, and angiogenesis.[@CIT0011] Some well-known adipokines include leptin, tumor necrosis factor (TNF)-a, interleukin (IL)-6 and adiponectin.[@CIT0012],[@CIT0013] Adiponectin, a novel collagen-like protein synthesized by white adipose tissue circulates at relatively high (2--20 mg/mL) serum concentrations and is an adipose-secreted 244-amino-acid protein.[@CIT0014]--[@CIT0016] This protein exerts its effect by binding to two distinct but structurally related receptors, adiponectin receptor 1 (AdipoR1) and adiponectin receptor 2 (AdipoR2).[@CIT0017]--[@CIT0019] Several studies reported association between circulating levels of adiponectin and increased risk of different malignancies.[@CIT0020]--[@CIT0022]

During the past decade, the carcinogenic properties of opium have taken much attention. The association between opium use and several malignancies has been frequently reported.[@CIT0023]--[@CIT0028]

A link between expression of AdipoRs and several cancers has also been reported.[@CIT0022],[@CIT0029]--[@CIT0031] These reports are suggestive of a direct effect of adiponectin and its related receptors on tumor development and progression.

Although many studies have examined the role of adiponectin and its related receptors as mediators in various metabolic and hormonal disorders, no research has been conducted in relation to opium addiction and the possible contribution of AdipoRs in the occurrence of malignancies in opium users. Considering the link between adiponectin levels and its associated receptors with various cancers and higher risk of certain malignancies in opium users, on the other hand, led us to the hypothesis that in case of variation in expression of AdipoRs (AdipoR1 and AdipoR2) in opium users, these receptors can serve as prognostic biomarkers of cancer in opium users.

Materials and Methods {#S0002}
=====================

Blood Samples {#S0002-S2001}
-------------

In a nested case-control design, 100 regular opium users (age: 35--70 years) were enrolled in our study. Whole blood samples were obtained from of Fasa Cohort Study (FACS) and kept at −70°C in the refrigerators. FACS is a population-based cohort study that has enrolled 10,157 participants of 35--70-year-old in a region in southern Iran with high rates of opium use (22.1%). Opium users abused no other substances other than opium. Daily need of opium was provided to the enrolled opium users by FACS. Inclusion criteria were as follows: Individuals with more than 5 years of history of opium addiction were enrolled in our study and followed up for 5 years (2014--2019). Opium users abused no other substance other than opium. Opium users with a history of opium abuse less than 5 years and individuals with history of any malignancies and substance abuse other than opium were excluded from our study.

Daily need of opium was provided to the enrolled subjects by FACS. In accordance with FACS data acquisition protocol, a valid questionnaire was used to record the dose of opium consumption in all participants.[@CIT0032] FACS actively registers every outcome of enrolled participants including malignancies. Every patient's files are reviewed by five specialists to reach the final diagnosis which is then registered as an ICD10 code (International Statistical Classification of Diseases and Related Health problems 10th Revision).

One hundred controls (age: 35--70 years) were enrolled by adjusting for the demographic (age, sex, place of residence), anthropometric (body mass index, waist and hip circumferences) and diseases history (diabetes mellitus, heart diseases, stroke, malignancies and endocrine diseases) variables. Blood samples were extracted from the biobank and defrosted for biochemical analyses.

The protocol of this study was reviewed and approved by the Ethics committee of Shiraz University of Medical Sciences with the ethical approval code of 11,347. The study was conducted in accordance with the Declaration of Helsinki. Each patient signed an informed consent form approved by his or her local institutional Review Board.

Isolation of Mononuclear Cells Ficoll-Paque Density Gradient Separation {#S0002-S2002}
-----------------------------------------------------------------------

The isolation of mononuclear cells from the whole blood samples was carried out using Ficoll-Paque density gradient separation method as described in the literature.[@CIT0033] Briefly, Ficoll-Paque media was added to the anticoagulant treated bloods. These tubes were centrifuged at 1500 rpm for 25 min at 4°C. Following the centrifuge, the upper layer containing plasma and platelets was separated using sterile pipette. The layer of mononuclear cells was transferred to another sterile centrifuge tube and re-suspended by balanced salt solution following the centrifuge at the same condition as described above. The washing and centrifuge step was repeated at least three times to get rid of platelets as well as erythrocytes. The cells were re-suspended in PBS media for further steps.

Evaluation of AdipoRs Expression by Flow Cytometry {#S0002-S2003}
--------------------------------------------------

The mononuclear cells obtained from the whole blood samples of the patients and control groups were used for the measuring of AdipoRs expression using indirect flow cytometry method according to the manufacturer's instructions. The cells were re-suspended in ice-cold PBS, 10% FCS and 1% sodium azide at the final cell density of around 1--5 x 10^6^ cells/mL. Then, 100 μL of the suspended cells were added to each tube and treated by 0.1--10 μg/mL of the primary antibody (Abcam 126,611, Abcam189446) followed by the at 4℃ in the dark for around 30 min. Then, the cells were washed 3 times by centrifugation at 400 g for 5 min and then suspended in ice-cold PBS. The prepared cells were suspended in 3% BSA/PBS containing fluorochrome-labeled secondary antibody (Goat Anti-Rabbit IgG H&L (FITC) (ab6717)) followed by the incubation at room temperature in dark for 20--30 mins. Finally, the cells were washed 3 times by centrifugation at 400 g for 5 min, suspended in ice-cold PBS, 3% BSA, 1% sodium azide and analyzed by flow cytometry (FACS Calibur, Becton Dickinson, Mountain View, CA) using FlowJo software (TreeStar Inc., San Carlos, CA).

Statistical Analysis {#S0002-S2004}
--------------------

SPSS^®^ 21.0 for windows^®^ was used for data analysis (SPSS Inc., Chicago, Illinois). Continuous variables are reported as mean ± SD. Kolmogorov--Smirnov test was used to test the normal distribution of continuous variables. Comparison of continuous variables between two groups was performed using Student's *t*-test for normally distributed variables and Mann--Whitney test for non-normal variables. AdipoRs expressions were analyzed using Flowjo^®^ software version 7.6.

Result {#S0003}
======

Demographic Data {#S0003-S2001}
----------------

[Table 1](#T0001){ref-type="table"} represents descriptive characteristics of opium users and healthy individuals. As demonstrated no significant difference was observed between controls and opium users (P\>0.05). Parameters affecting the expression of AdipRs such as alcohol consumption, endocrine diseases, diabetes mellitus, history of stroke and cigarette smoking were also not significantly different between two study groups (P\>0.05). Among 200 enrolled subjects (one-hundred healthy non-opium users and one-hundred opium users), eight opium users developed cancer during a 5-year follow-up and only one non-opium user was diagnosed with cancer. Opium users developed cancer 8.6 folds more comparing with non-opium users (P=0.018; OR=8.6; 95% CI=1.01.05--70.1). Among the opium users who were diagnosed with malignancies, 3 individuals developed bladder cancer, 2 were diagnosed with laryngeal cancer, one diagnosed with esophageal cancer, one diagnosed with lung cancer and one with gastric cancer. One non-opium user developed Hodgkin's lymphoma. [Table 2](#T0002){ref-type="table"} demonstrates demographic data of opium users diagnosed with cancer and cancer-free opium users.Table 1Demographic Characteristics of Opium Users (Case) and Non-Opium Users (Controls)VariablesCases (N=100)Controls (N=100)P-valueGender0.264 Male7769 Female2331Age (year)52.6 ± 9.750.2 ± 10.10.088BMI (kg/m2)22.4 ± 3.223.2 ± 2.80.061Marital status (N)0.369 Married6370 Single or divorced2925 Widow85Alcohol consumption (N)0.151 Never use5364 Seldom use4736Smoking (N)33220.112Diabetes (N)13150.838History of stroke (N)520.444Endocrine diseases (N)960.593 Table 2Demographic Characteristics of Opium Users Diagnosed with Cancer and Cancer-Free Opium UsersVariablesOpium Users with Cancer (N=8)Cancer-Free Opium Users (N=92)P-valueGender0.995 Male671 Female221Age (year)50.6 ± 8.751.3 ± 9.20.836BMI (kg/m2)21.4 ± 2.222.5 ± 2.40.214Marital status (N)0.142 Married558 Single or divorced227 Widow17Alcohol consumption (N)0.991 Never use449 Seldom use443Smoking (N)7260.779Diabetes (N)490.902History of stroke (N)230.785Endocrine diseases (N)360.780

Expression of AdipoRs by Flow Cytometry {#S0003-S2002}
---------------------------------------

As demonstrated in [Table 3](#T0003){ref-type="table"}, AdipoR1 and AdipoR2 levels significantly increased (P=0.001) in opium users (AdipoR1: 76.76±15.30; AdipoR2: 78.74±16.25) compared with controls (AdipoR1: 22.10±2.01; AdipoR2: 25.50±2.38). Opium users, who were diagnosed with cancer showed significantly higher expression of AdipoR1 (P=0.001) comparing with opium users not diagnosed with cancer (97.1±2.2 and 75.5±14.7, respectively). Regarding AdipoR2 ([Table 4](#T0004){ref-type="table"}), opium users with cancer exhibited significantly higher expression levels (P=0.001) compared to opium users not diagnosed with cancer (95.1±3.8 and 77.2±16.1, respectively). Additionally, the level of AdipoR1 and AdipoR2 in the non-opium user who was diagnosed with cancer were 21.2 and 23.8, respectively, which was not significantly (P\>0.05) different compared with non-opium users (AdipoR1:22.1±2.01 and AdipoR2: 25.5± 2.38).Table 3Expression of AdipoR1 and AdipoR2 in Opium Users (Case) and Non-Opium Users (Controls)Case\
N=100Controls\
N=100*P*-valueMean ± SDMean ± SDAdipoR176.76 ± 15.3022.10 ± 2.01P\<0.0001AdipoR278.74 ± 16.2525.50 ± 2.38P\<0.0001 Table 4Expression of AdipoR1 and AdipoR2 in Opium Users Diagnosed with Cancer and Cancer-Free Opium Users Not Developing MalignanciesOpium Users Diagnosed with CancerCancer-Free Opium Users*P*-valueMean ± SDMean ± SDAdipoR197.1 ± 2.275.5 ± 14.7P=0.0001AdipoR295.1 ± 3.877.2 ± 16.1P=0.0001

[[Figure S1](http://www.dovepress.com/get_supplementary_file.php?f=256289.docx)]{.ul} represents AdipoR1 expression level measured by flow cytometry obtained from non-opium users A) and opium users with cancer B) as well as AdipoR2 expression level obtained from non-opium users C) and opium users with cancer D).

Discussion {#S0004}
==========

Although many studies have examined the role of adiponectin and its related receptors as mediators in various metabolic and hormonal disorders, no research has been conducted in relation to opium addiction. Adiponectin levels and its associated receptors have been linked to various cancers. Opium users on the other hand are at risk of certain malignancies. The hypothesis of this study was that in case of variation in expression of AdipoRs (AdipoR1 and AdipoR2) in opium users, these receptors can serve as prognostic biomarkers of cancer in opium users.

In the present study, we evaluated the expression of AdipoR1 and AdipoR2 in opium users and their association with the occurrence of cancer in this population. Our results showed that opium users developed cancer 8.6 folds more than subjects not using opium. Levels of AdipoR1 & AdipoR2 in opium users were significantly higher than normal subjects (P\<0.0001). Likewise, opium users diagnosed with different types of cancer exhibited significantly higher expression of both receptors compared with opium users who did not develop cancer in the period of follow-up (P=0.001).

According to the UN office of Drugs and Crime, an estimated 4 million people worldwide, mainly in central and west Asia, use opium illegally.[@CIT0034] Recently, many studies have focused on the carcinogenic consequences of opium use suggestive of positive associations with several malignancies such as lung, larynx, esophagus, stomach and pancreatic cancer.[@CIT0024],[@CIT0025],[@CIT0035]--[@CIT0037]

Adiponectin, an adipocyte-derived cytokine, is proposed to be involved in the pathogenesis of malignancies as well as affecting the progression of cancer.[@CIT0038]--[@CIT0040] Adiponectin induces its actions in cancerous cells via two main receptors of AdipoR1 and AdipoR2.[@CIT0041]--[@CIT0043] The expression of AdipoRs in various tumorous tissues[@CIT0030] suggests that adiponectin presumably exerts its biological effects in cancerous cells by means of signaling through these receptors. AdipoRon, an AdipoR1 and AdipoR2 agonist, has shown to have anti-proliferative and anti-apoptotic properties suggestive of its potential in activating the same signaling pathways as exogenous adiponectin via its two main receptors mainly overexpressed in cancerous tissues.[@CIT0044] As it is known, tumor growth relies pretty much on new blood vessel formation. In pathological states, tumor angiogenesis is influenced by the action of adiponectin and by acting on its main receptors which is indicative of the role of adiponectin in new blood vessels formation.[@CIT0041]

Chronic opium abuse induces the risk of several malignancies including bladder, laryngeal, lung, gastric, esophageal and pancreatic cancers.[@CIT0025] Adiponectin stimulates insulin sensitivity in the liver and muscle and thus low levels of adiponectin may cause insulin resistance. Recent studies have demonstrated that the use of oral antidiabetics, thiazolidinediones (TZDs), acting as insulin sensitizers, has been associated with reduced risk of developing lung cancer,[@CIT0045] a cancer frequently reported in opium users.[@CIT0046]--[@CIT0048] These agents alter insulin sensitivity mainly through the elevation of adiponectin levels.[@CIT0049],[@CIT0050] It is assumed that these agents reduce the risk of lung cancer by binding to AdipoRs overexpressed in cancerous cells.[@CIT0022]

The relative risk of esophageal cancer and opium use is reported to be near two.[@CIT0025] A study conducted in human esophageal tumors disclosed the overexpression of AdipoR1 and AdipoR2 in cancerous cells. Taking into account that angiogenesis is a key regulator in malignancy[@CIT0051] and that adiponectin has strong proangiogenic actions, it is plausible that high AdipoRs expression may boost greater angiogenesis inside these tumors, leading to a rise in tumor invasion and metastasis.[@CIT0052] This hypothesis is further supported in adiponectin knockout mice, in which a delay in the onset of tumor, its rate of growth and angiogenesis was observed compared with the wild-type model.[@CIT0053]

Another malignancy frequently reported in opium users is the gastric cancer. Results of case-control and cohort studies are suggestive of approximately three times higher risk of gastric cancer in opium users than in non-users.[@CIT0025] It is reported that both AdipoR1 and AdipoR2 are vastly expressed at substantial levels in gastric tumors and that growth inhibition induced by adiponectin was signiﬁcantly abolished by down-regulation of these receptors by speciﬁc siRNAs.[@CIT0029]

AdipoRs are believed to have a fundamental role in the physiological regulation of the antiapoptotic sphingosine 1 phosphate (S1P) and ceramide balance. AdipoR1and AdipoR2 augment ceramidase activity.[@CIT0054] Upon activation, both AdipoR1 and AdipoR2 catabolize ceramides to downstream degradation of sphingosines and S1P. Ceramide and S1P are considered as strategic mediators in inflammatory processes, cell growth, and cell survival.[@CIT0055] Extreme accumulation of ceramide is linked to the incidence of some metabolic processes such as insulin resistance and heart failure.[@CIT0055] In addition, S1P is known as a potent inhibitor of apoptosis and a powerful inducer of cell proliferation.[@CIT0056] Increased levels of S1P are associated with enhanced cell survival and greater local proangiogenic properties observed in animal tumor models.[@CIT0053],[@CIT0055],[@CIT0057] Accordingly, the mentioned metabolic pathway which is critical in different processes such as inflammation, cell survival and cell growth might explain the role of AdipoRs in the signaling processes involved in malignancies.[@CIT0058] Therefore, these data suggest that measuring levels of adiponectin and its related receptors may serve as a useful prognostic screening tool for early detection of cancers.[@CIT0038] As observed in our study, significant rise in expression of AdipoRs in opium users comparing to healthy individuals, on one hand, and significant increase in expression of these receptors in opium users who developed cancer may suggest the role of these receptors as prognostic tools of malignancies.

Conclusion {#S0005}
==========

Considering the significant overexpression of AdipoR1 and AdipoR2 in opium users and the association between upregulation of these receptors in cancers mostly affecting opium users, assessment of adiponectin and its associated receptors may be used as an early detection tool of cancer in this population. In addition, utilizing agents affecting AdipoRs may assist in preventing an individual from encountering malignancies.
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